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Charge Exchange Recombination Spectroscopy (CXS) 
has been a standard diagnostic technique for measuring the 
ion temperature, rotation and radial electric field profiles in 
the high temperature plasmas. 
The CXS is performed by making use of the following 
atomic processes, 
H0(NB) + C6+ -- H+ + C5\n=8) 
+ 5+ 
-- H + C (n=7) + hv 
where H 0 is produced, conventionally, by the neutral beam 
injection(NBI) equipped as auxially heating systems. 
We have been planning to develop an alternative 
diagnostic using a modulated diagnostic neutral beam(DNB) 
rather than NBI. 
Although the beam current of the DNB is usually 
low(about 3A) compared with the NBI(about 40A) which 
means the quantity of the light emission from the DNB is 
much less than that from the NBI, the merits in this 
technique lie in the followings: 
[1] to be able to obtain the emitted lights from both beam 
line (hot component) and background (cold component) 
from the same sight line using the identical optics, 
[2]to be capable of yielding better spatial resolution by 
designing the probe beam having small beam divergence, 
and 
[3] to be applicable to plasma discharges without the NBI. 
Also, we have proposed a new acquisition technique, 
called "dig-dag" CCD scheme. A cooled CCD detector is 
placed on the exit slit of the 50cm Czerny-Turner 
spectrometer and light is collected using the fan-arrayed 
fibers viewing the outboard side of the CHS plasmas. By 
shifting the CCD charges back and forth synchronously 
with the DNB on and off, the light from both the beam and 
the background is accumulated in the single CCD image 
frames (Fig. 1). 
In this fiscal year, we had been facing at the two major 
problems:[!] the electric sparks occurred in the DNB power 
supply frequently damaged the various kind of the DNB 
circuit modules, and [2] the CCD controller and the dig-dag 
scheme would not work properly. 
For the first problem, we have enforced the isolation 
between the condenser bank units. It seems that the 
situation has been improved to the considerable extent. 
For the second problem, in addition to having the 
hardware fixed, we have improved, customized and debugged 
by ourselves the software programs to drive CCD detector 
which had been originally made by the company. 
Then, we measured the smear light caused by the 
exposure during the shift motion of the CCD charges. 
Although the maximum DNB on-off frequency is 1 kHz, 
the dig-dag frequency should be lower than 250 kHz in order 
to supress the smear within a few percents (Fig. 2). 
In the next fiscal year, we are planning to start applying 
this technique to the ion temperature measurements. 
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Fig. 1 Dig-dag scheme to map both beam and background 
components on the single CCD frame. 
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Fig. 2 Measurements of the smear lights in the CCD 
detector as a function of the DNB and dig-dag modulation 
frequencies. The dig-dag shift width is set to be 12 pixels 
which corresponds to the image size between adjacent 
optical fibers. 
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